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Serial survey on the ecology of Japanese encephalitis (JE) virus was made in 1966
and 1967. In spring in the both years, wild caught females of Culex tritaeniorhynchus and many
other species including a great number of hibernated females were examined for JE virus.
In 1967, besides the above, wild caught females in spring were forced to engorge blood
from susceptible pigs, and some days after, the engorged ones were examined for the
virus and the pigs for HI antibody. However, no virus was found in all the mosquitoes
examined, and no antibody was detected in the pigs. Nevertheless, in mid-spring in 1967
2-ME sensitive antibody was found in a few of slaughtered pigs. This facts is very
important and it seems necessary to set forward the program of investigations. Japa-
nese commonsnakes of six species were examined for the reservoir of JE virus in
nature, but it was concluded that snakes play minor role as a natural source of the virus
transmission even in the epidemic season. Despite of the fact that the starting time of
epizootic in pigs and of the occurrence of infected mosquitoes was nearly the same in
1966 and 1967, the duration and size of the infection in mosquitoes and of the epidemic
in men were shorter and smaller in 1967 than in the previous year. The reason seems
that the larger number of infected mosquitoes at the starting time in late June,1967 caused
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earlier and more rapid rise in the HI antibody possessing rate of pigs at the early days
of epizootic in them reducing the remaining rate of susceptible pigs as faster as about a
half-month than in 1966, and this, in turn, caused subsequent infections in mosquitoes
and then in men to be shorter in duration and smaller in size.
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tember6in1965，andthe period of occur－
renceofmosquitoinfectionbecomesgradually
laterinotherplaces ofJapan，eSpeCiallyin
Kanto area thaninNagasakiarea．For get－
ting a more comdete understanding of
JE epidemiology，furtherinvestigationsin
Nagasakiareawerecarriedoutin1966and
1967　0n the relation among the mosquito
prevalenceandinfection，theswineinfection
and human encephalitis cases・
Anothersubject tobestudiedistheques－




asit wasthoughtnece58Sary tO CarryOutthe－
same examinationpersistently，thevirusiso－
】ation from mosquitoes collectedin early
through1atespringwasrepeatedin1966and
1967．And，the examinations were made
withJapanese common snakesfor thepos．i
sibilityofbecomingthe naturalreservoir of
JE virusiTheresultsobtained win begiven
and discussedin the following．
Materials And Methods
肋squito COlleCtion：Mosquitoes were col－
1ected atllplacesfromMarchlltoOctober




bedinthe previous paper（Hayashiet ali，
1965〕i












sera was examined as previously described－
byHayashietal・（1965b，1966〕iHemagg止












JE virusisolation from C．LrltaCnioThrnChuJ




ing agreat number of hibernated females
Were eXamined，nOVirus wasisotated until
lateJune．OnJune24thefirstisolati。n。f
thevirus wasmadeatl－40fisolation effici＿
ency，and afterwards thevirus continued to
beisolatedfup to August27，With themaxi・
mumvirusisolationefficiency of3．7in mid－
Ju］y－　Thenumberof C．lTiEae壷r砂1ZChuspooIs











Remarks: 1. The signs of E,M, and L mean the early, middle, and late part ofa month.
2. The suspensions of 34,972 famales OK) were used partly for inoculation into
suckling mouse by pool and partly (those of most females) for inoculation
into the amniotic sack of chick embryos (see Table 3, for C. tritaeniorhvnckus~).
EcologicalStudies onJapanese Encephalitis Virus 171
Table2・　JE virusisolation from mosquitoes by speciesinNagasakiarea，1966・
0 à" Collection No. of XT f , No. of pool
SPeC1CS period mosquitoes No. of pools ^^
C. tritamiorhynchus 10 Mar. -ll Oct. v 100,327 373 71
C. vishnui 3 Apr.-15 Sep. 5 ,303 20 2
C. whitmorei 20 Apr. -21 May 2, 395 9 0
Ae. vexans nipponii 2 Apr. - 8 Sep. 5 ,476 23 0
Ar. snbalbatus 10 Apr. - 2 Aug. 2,032 10 1
An. sinensis 10 Mar. -ll Oct. 15,347 70 0




amniotic sack of chick embryo．
March April May Total
C. tritaeniorhynchus
No.of mosquitoes 14, 32 17, 07414, 07432, 580
No. of pools 8' 59 55 122
C. vishnui
No. of mosquitoes 817 328 1,145
No. of pools 3 2 5
C. whitmorei
No. of mosquitoes 1,913 432 2,345
No. of pools 7 2 9
Ae. vexans nipponii
No. of mosquitoes 1,493 1,912 3,405
No. of pools 6 7 13
An. sinensis
No. of mosquitoes 985 2,861 2,911 6,757
No. of pool 6 14 12 32
Total
No. of mosquitoes 2,473|24,10219,65746,232
No. of pools 14 89 78 181
?o°sit°vV00lS 0 0 0 0
tic sack of embryonated chick eggs was
made，aS Shownin Table3．In total，46，232
mosquitoes be】onging to five species were
examined by this method，but no virus was
isolated from them．
（2〕且Tnei巧声etian ana血manea∫e∫





ratein thepigs and theseasonalprevalence
Of CiLriEaenior桓nChusin1966．






This antibody devdopsin pig sera，aSStated
by　Ⅸonno et a】．（1967〕and Otsuka et ali
（1967〕，SOOn after the naturalinfection with
JE virus，butit disappearsin a few weeks
and theantibody becomes resistant to2－MEi
Consequently，negativeoccurrence of2－ME・
SAin pigsin this season means negative
OCCurrenCe Of newinfectionin thepigs．
As seenin Fig．2，from］uSt after the first
●
isolation ofJE virusin mosquitoesinlate
June，the2－ME－SApositiverateinslaughtered
Pigs rose rapidly reaching a peak at the
beginning of August．Concurrently，HI－A
172　A■Shichijo，K．Mifune，K．Hayashi，Y．Wada，SiIto，S．Kawai，Ⅰ．Miyagi＆T．Oda・
Fig．l．　JE virusisolation from mosquitoes of C．tTiLamEorbTZ｛hu∫in relation


























































March April May June July AugustlSeptemberl
ーニーーーNo．of females
●
h－－2－ME sensitive antibody possesslng ratC
‾○■■OHIantibody possessing rate
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positiveraterosesharplyandreachednearly
－100％］evelnearly at the sametime as the
2－ME－SApositiveratereachedthepeak，im－
plying that the disseminationin pigs with
JEvirusmusthave occurredveryintensely
Within aboutamonth from］ateJunein1966．
After the beginning of August，the HI－A
positive rateremainedat thesamehigh］eve］，
TWhile the2．ME－SA positive rate decreased
（quick］y from the peak toward the end of












5，25strains ofJE virus wereiso］ated from
C．tritaeniorhγnChusiItisinteresting that a
Strain ofJE virus onJuly14and3strains
Of non－JE arbovirus onJune15，Ju】y6and
28wereisolatedfromAC－UeXmS n軸onii．The
three strains of non・JE arbovirus were sen－
Sitive to etherand sodiumdeoxycholate，and

































































































Total 43 ,989 213 25
Remarks: 1. The sings of E, M, and L mean the early, middle, and late part of a
month.
2. The suspensions of 14,009 females (*) in 63 pools were used partly for the
inoculation into suckling mouse by pool and partly for the injection into pig
No. 1 (see Fig. 3) after keeping at a deep freezer and making them two pools.
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tion activity at anypH range．Exactidenti－
fication oftheseisolates arebeing carriedout
and theresultwi11appearintheseries ofthis
PaperiNo virus was detected from other
SpeCies of mosquitoes than the above two
SpeCiesinthis yeari
As stated above，Virusisdationwas unsuc－
cessfulfrom mosquitoes collectedin nature
in thepre－epizooticseasonwhichwereexami－
ned byinoculating the suspension of them
into suckling miceintracerebrauyin1965
through1967，and besides，in1966into am－
niotic sack of embryonated eggs．
Despite of the abovefacts，however，With
thehopethat the possibility of causing the
infection by the biteof females collectedin
natureinthepre－epizootic seasonon the sus－
Ceptiblepigs．thefollowingbitingexperiments
were conductedas shownin Figi3．Wild
Caught16，713females of C．tTitaCnior如nchzLS
and3，4000f AeiUeXanLS n軸oniiwere allowed
to feed on the susceptiblepigsand4370f
theformer and20lofthelatterspecies were
engorged from five pigs Noil………No．5．
Andin addition，SuSpenSion of14，009wi1d
Caught females of C．tritaeniorhTnC鳥zLS from
March to Aprilin1967（See Table4〕were
a］SOinjectedinto thepigNo．1．Virusiso）a－
tions weretriedfrom the blood of the pigs
SuCCeSSively at a certainintervaland from
the engorgedmosquitoes after rearing them
for some daysin thelaboratory．However，
novirus wasisolat盲dfrom the pigs and the
mosquitoes，andno HIantibodywas detected
in thesera of thepigs－
（2〕s甜ineie碑eti弼ana血ma柁‘a且打
Fig．4shows the rdationamongthe HI●A
positive ratein slaughtered pigs，the occur．
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Fig．3．　Attempt ofJE virusisolationin spring from mosquitoesincluding










Remarks：l・Black andwhite arrows show exposure andinJeCtion respectively．
2・Pigs signedwith No・1to No．4were exposed to C，tTilaenior4rnChLL∫mOSquitoe8
andNo．5toAC．てノeXanSnipporTrespectively；PigNo．1wasadditionallyinjected－
With suspensions of females（number of whichis shownin parentheses；Cf．
Table4〕of c・EriEaeniorhynchus．
3・Denominator and numerator show the number of mosquitoes exposed to the：
PlgS and the number of mosquitoes engorged respectively・
rence of human encephalitis cases，and the
seasonalchangeoftheJE virusisdationfrom
C．eritaenior伽nchusin1967．Asseenin Fig．4，
the risein the HI－Apositive ratein pigsand
the occurrence of human encephalitis cases
appeared rough1y simi］ar as those observed
in1966，buttherisein theHI－Apositiverate
inpigsin1967was earlier andquicker and
the human cases were smal1erin number
thanin the previous yeariIn1967，Only74
CaSeSWererePOrtedand240utOf themwere
COnfirmed serologically as genuine cases，
when compared with149　reported and77
genuine casesin1966i
Figi5shows the relation b已tW■een thein－
creasein HI・A positive ratein s】aughtered
pigs and the seasonalprevalence of C．iritaCp
nioT如nchusin1967．The　2－ME－SA positive，
rate rose very muchsharply fromlateJuneL
reachingapeakatmid－July．andconcurrently，
176　A．Shichijo，K．Mifune，K．Hayashi，Y－Wada，S．Ito，S．Kawai，Ⅰ．Miyagi＆T．Oda
Fig．4・JE virusisolation from mosquitoes of C．tT加miorhynChtLSin relation






















































positive for2・ME sensitive antibody from
mid－ApriltoearlyMayiThismeansthatthe
pigswereinfectedin sprlng When thenew
●
generation of C．triL0enioTbnChus had notyet
appeared・Itisimportanttodeterminewheth－
erthepigs wereinfected by overwintered
femiles of C．lriiteniorhynChus，Or by other
mosquitoes，Orbyotherbloodsuckinginsects，
orby any other means・Aprogram toin・
vestigatethesubjectseems neceSSary tObe－
set fow・ardin near future．
ⅠⅠⅠ．NaturalinfectionofcommonsnakeS・
Table6showstheres山1tsofJEvirusisop
】ation and HIantibodydetection made resp
pectivelywith305and270sera of common－
snakes bdonging to six species caughtin
Nagasakiareaduring theperiodfrom Apri1
14toSeptember28，in which the epidemicr































breeding number of the mosquitoinJuly







the2・ME■SApositive rateto reach a peak
andofthe HI－A positive ratefor reaching
aboutlOO％］evel，aS fasteras about half
monththaninthepreviousyeariThefaster
risein the ratesin earlyJuly，COnVerSely
Speaking，thequicker decreaseintheremain＿
ingrateofsusceptiblepigsmusthavereduced
the duration of the occurrence ofinfected
mosquitoesandconsequentlyofhumancases；
and rathersmaller breeding number ofthe
mosquitoinJuly seemstohave reduced the
intensity of epizooticin mosquitoes and of
epidemicin men．
From these results，it seems that the du－
rationandthesizeofJEepidemicisclosely
re）atedtothepopulationdensityofthevector
mosquito at the start andthenin thecourse
Of the epizooticinpigs－If the mosquito
densityislowerat the start and higherin













in mid－Aprilto eartY May far priorto the
・ePizooticinpigsiThefactisveryimportant
丑ndit seems necessary to set forward the
‾prOgram Ofinvestigations．
PosSibi）ity ofJapanese common snakes
Whichwere coIIectedinNagasakiareafrom
Aprilto September was examined for the
71aturalreservoir ofJE viruS．Asa result，




theyp］ay minor roleas a naturalsourceof
thevirus transmissionevenintheepidemic
SeaSOn．
Despiteofthe factthat thestarting time
Of epizooticinplgS and ofthe occurrence of
●
positivemosquitoesforJEviruswas near）y
the same beinginlateJunein both1966
and1967，theduration andsiヱeOftheinfec＿
tioninmosquitoesand，inturn，Oftheepide－
micin men were veryshorter and smaller
in1967thaninthepreviousyear．Thereason
SeemStOhavebeenthatthehighermosquito
population density andlarger number of
infected mosquitoes at the starting timein
1967　caused more rapid　rise of2・ME＿SA
p0Sitive rateforreachingapeakinmid－July
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and concurrently the HI－A positive rate to
reach aboutlOO％］evelshortly as faster as
about ahalf－mOnththanin1966．Thevery
rapid risein the rates，COnVerSe］y speaking，
Very rapid decreasein the number of sus－
Ceptible pigs，incompanywith smal1erbreed－
ing number of mosquitoesinJuly，reduced
not only thedurationbut also thesize ofthe
infectionin mosquitoes and consequentlyin
Tnen．
Among common mosquitoesin Nagasaki
area，naturalinfections withJE virus have
beenfoundin epizootic seasonin five mos－
quitospecies：InC．triraeniorhynchus，C．vish1ZuL，
C．plpiCn∫pallen∫，and AC．UCXanS n軸oniiin




a stain ofJEvirusas statedibove andthree
strains of non－JE arbovirus wereisolatedin
1967i
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摘　　　　　　　要
前年に引き続き,1966年及び1967年に日本脳炎ウイルスの生態学的調査を行つた.両年の春,野外で採集
した,多数の越年雌成虫を含むコガタアカイエカ及び他の数種の蚊からのウイルス分離を試みた.更に1967
年の春には,野外採集蚊を感受性豚から吸血させ,数日後に吸血蚊からはウイルス分離を,吸血された豚か
らはウイルス分離とHI抗体の検出を試みた,しかし,上記の何れの蚊からもウイルスは発見されず,何れ
の豚からも抗体は認められなかつた.それにも拘らず1967年の春には少数のと場豚から2-ME感受性抗体が
検出された.この事実は注目に値し,今後この方面からの研究が必要である.野外で採集した6種の蛇につ
いて調査した結果,蛇は日本脳炎ウイルスの伝搬源としては,日本脳炎の流行期においても,重要な役割を
果していないものと結論される.豚における日本脳炎ウイルスの汚染及び感染蚊出現の開始時期は1966年と
1967年とで殆んど同じであつたが,蚊における感染及び人における流行の期間と大きさは1966年には1967年
におけるよりも長く,かつ大きかつた.従つて,これは1967年におけるように,流行の開始時期に感染蚊が
多く,豚における汚染の上昇が前年に比較して半月ほど早く,かつ急激であつた.このことが感受性豚を少
なくし,従って蚊における感染及び人における感染を短かく,そして小さくしたものと思われる.
